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ABSTRACT 

The relative frequency that the Skylab will be 

visible over three U.S. cities was determined. These 

opportunities were computed from the projected Skylab orbit 

and therefore do not show the exact times of possible 

observations since dispersions and changes in launch 

parameters could change the projected Skylab orbit which 

would slightly shift some of the viewing dates. The results 

show that Seattle will have 94 days with viewing opportunities 

while L o s  Anqeles will have only 35 durinq the 240-day mission. 
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Introduction 

A sunlit manned space station streaking through the 
darkening sky should be an interesting sight to most people. 
The orbit inclination of 50' will present an unusual opportunity 
for all the U . S .  population (except Alaskans) and most of the 
world to view it firsthand. These visual sightings of Skylab 
may be used to increase the public awareness of space activity. 
Therefore, this study was undertaken to determine the relative 
frequency the Skylab could be seen from several major U.S. 
cities. If these viewing opportunities were deemed numerous 
enough, times and locations of viewing opportunities could be 
publicized. 

Determination of Viewing Opportunities 

In order to determine the viewing opportunities, the 
maximum range which Skylab could pass a ground site and be 
visible with the brilliance of a first magnitude star had to be 
computed. This brightness level was chosen to insure easy 
identification by an untrained observer. 
Skylab as seen by approaching astronauts during rendezvous was 
determined in References 1 and 2. This study provided data on 
the brightness of the Skylab viewed from various ranges and at 
various attitudes with respect to the astronauts. The results 
of this study showed that the brightness of the Skylab was 
principally a function of the range to the observer. Since 
this data was computed with the assumption that the observer 
and the Skylab were both above the atmosphere, the data had to 
be corrected to account for a ground-based observer. This 
correction was made by using the transmissivity of the atmosphere 
which accounts for the l o s s  of flux in every light ray that 
passes through the atmosphere. The transmissivity of clear 
air was given in Reference 3 as: 

The brightness of 
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where 

T = t r a n s m i s s i v i t y  
5 = angle  from t h e  l o c a l  v e r t i c a l  t o  

t h e  l i ne -o f - s igh t  t o  t h e  vehicle .  

This  factor  w a s  used t o  reduce t h e  b r i l l i ance  of t h e  Skylab 
a t  every  va lue  of a range. The maximum range corresponding 
t o  b r i g h t n e s s  of a f i r s t  magnitude s t a r  w a s  found from t h i s  
data t o  be 312 nm a t  an e l e v a t i o n  angle  of  4 9 ' .  

The o t h e r  f a c t o r  t ha t  determined v i s i b i l i t y  w a s  
t h e  l i g h t i n g  t h a t  e x i s t e d  i n  o r b i t  and a t  the  ground s i te .  
I t  w a s  determined t h a t  t h e  Skylab w a s  never b r i g h t  enough 
t o  be seen  from a s u n l i t  ground s i t e .  Therefore ,  cond i t ions  
f o r  v i s i b i l i t y  w e r e  t h a t  t h e  ground s i t e  should be dark and 
the  Skylab be s u n l i t .  The sun e l e v a t i o n  angles  t h a t  corre- 
spond t o  these l i g h t i n g  condi t ions  w e r e  computed t a k i n g  i n t o  
account  t h e  atmospheric r e f r a c t i o n  of s u n l i g h t .  It  w a s  
found t h a t  t h e  ground s i te  would be dark  enough i f  t h e  sun 
e l e v a t i o n  angle  w a s  less  than -1/2 degree.  I t  w a s  a lso 
determined t h a t  t h e  Skylab would be i n  s u n l i g h t  i f  t h e  sun 
e l e v a t i o n  angle  w a s  g r e a t e r  than -21.6'.  Visual  s i g h t i n g  
o p p o r t u n i t i e s  would occur between these l i m i t s .  

These l i m i t s  de f ine  two segments of t h e  o r b i t ,  
g e n e r a l l y  near s u n r i s e  and sunse t ,  which cont inuously s a t i s f y  
the l i g h t i n g  cond i t ions ,  so t h a t  each t i m e  t h e  Skylab passes  
through those  s e c t o r s ,  people on ear th  who happen t o  be 
beneath w i l l  have a viewing oppor tuni ty .  
geometry between o r b i t  and sun, t h e  s e c t o r s  s h i f t  slowly 
around t h e  o r b i t  and change i n  s i z e  wi th  a s i x t y  day per iod .  

Due t o  t h e  changing 

The d a t e s  and times of t h e  Skylab o r b i t s  t h a t  m e t  
t h e  viewing condi t ions  for each side w e r e  determined by a 
computer program. T h i s  program i n t e r r o g a t e d  a d a t a  f i l e  
con ta in ing  t h e  ascending nodal c r o s s i n g ,  sun beta ang le ,  
and o r b i t a l  p o s i t i o n  of var ious  sun e l e v a t i o n  angles  fo r  each 
o r b i t .  

R e s u l t s  

The r e s u l t s  for  S e a t t l e ,  N e w  York,  and Los Angeles 
are shown i n  F igures  1, 2 ,  and 3 .  Each f i g u r e  con ta ins  t w o  
1973  ca lendars  w i th  t h e  da t e s  of a l l  v i s ib l e  passes marked on 
one and the d a t e s  of v i s i b l e  evening passes  marked on t h e  
o t h e r .  The evening passes  a r e  shown s e p a r a t e l y  because they 
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represent the time when the majority of the populace 
could view the Skylab. These figures are only intended 
to show a relative frequency of possible observations and 
not exact dates since dispersions or changes in launch 
parameters could change the Skylab orbits. Nevertheless, 
the dispersions might change the specific days of viewing 
opportunities, but not the occurrence of clustered oppor- 
tunities that are evident in the evening views which recur 
in June, August, October, and December. Figure 1 for 
Seattle shows that viewing is possible on 94  of the 240  
mission days, and only 51 of these days had evening passes. 
Figure 2 shows that New York City will have only 5 8  days to 
view Skylab and only 30 days of evening viewing opportunities. 
Finally, Figure 3 shows that L o s  Angeles will have only 3 5  
days of viewing and only 19 of these with evening passes. 
The large difference in number of viewing opportunities is 
caused by the latitude of the city. Cities close to the 
maximum S O 0  latitude have the most opportunities. It should 
be noted that the S-I1 stage will be in a similar orbit which 
laps the Skylab every eleven days. This stage will generally 
be visible on the same days as that of the Skylab although at 
different times. 

10  2 5 -RCP- li R. C. Purkey 
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